Abstract: Total factor productivity (TFP) is of critical importance to the sustainable development of construction industry. This paper presents an analysis on the impact of migrant workers on TFP in Chinese construction sector. Interestingly, Solow Residual Approach is applied to conduct the analysis through comparing two scenarios, namely the scenario without considering migrant workers (Scenario A) and the scenario with including migrant workers (Scenario B). The data are collected from the China Statistical Yearbook on Construction and Chinese Annual Report on Migrant Workers for the period of 2008-2015. The results indicate that migrant workers have a significant impact on TFP, during the surveyed period they improved TFP by 10.42% in total and promoted the annual average TFP growth by 0.96%. Hence, it can be seen that the impact of migrant workers on TFP is very significant, whilst the main reason for such impact is believed to be the improvement of migrant workers' quality obtained mainly throughout learning by doing.
Introduction
Total factor productivity (TFP) plays a vital role in promoting the sustainable development of the construction industry. From the perspective of economic growth, economic theories, typically the classical growth theory [1] , the neoclassical growth theory [2, 3] and new growth theory [4, 5] all suggest that the drivers of construction growth are labor, capital and TFP. As the previous researchers noted, the growth brought by the increase of labor and capital is exogenous and has a diminishing marginal utility, and a steady state of zero growth will approach ultimately [6, 7] . Thus, labor and capital-driven development is unsustainable. On the contrary, TFP-driven development is endogenous and sustainable. Because this development mainly relies on innovation, such as technological progress, improvement of laborer's quality and management innovation [8, 9] , which does not diminish rather even increases the marginal utility. To achieve sustainable development, consequently, it is a common strategy for any country to pursue higher TFP in construction. 
Methodology

Research Design and Scheme
As a comprehensive indicator for evaluating efficiency in resource usage [36] , TFP is only measured indirectly through a comparison between input and output [11, 37] , namely relying on the index system of input and output [38, 39] . Therefore, it is extremely difficult to measure the impact of migrant workers on TFP directly. In that circumstance, we draw lessons from the common paradigm of experimental design to assess the impact indirectly by setting Scenario A and Scenario B. On this basis, a comparative analysis concerning two scenarios is conducted to obtain the impact of migrant workers on TFP indirectly. Hence, the following three-stage research design and scheme is planned, just exhibited in Figure 1 .
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Establishing the Index System of TFP Measurement
As stated above, to measure the impact of migrant workers on TFP, an index system of TFP measurement must be established firstly. Consequently, in stage 1 our main task is to identify the input factors and output factors in the establishing system and select the detailed variables and indicators for each factor. By a scientific review of literature, a summary of these factors was recorded in Table 1 . As could be seen, these studies basically reached consensus on the identification of input and output factors. 
As stated above, to measure the impact of migrant workers on TFP, an index system of TFP measurement must be established firstly. Consequently, in stage 1 our main task is to identify the input factors and output factors in the establishing system and select the detailed variables and indicators for each factor. By a scientific review of literature, a summary of these factors was recorded in Table 1 . As could be seen, these studies basically reached consensus on the identification of input and output factors. Table 1 . Review of the Literature on total factor productivity (TFP) Measurement at the Industry Level.
Author(s)
Method Input-output Factor (Indicator) System
Zhi et al. [8] Production function 3 inputs: labor (hours worked), capital (fixed assets), intermediate (real value); 1 output: total value added Liu et al. [9] DEA-Malmquist 2 inputs: total assets, operational investment; 2 outputs: total pre-tax profits, profits of projects settlement accounts Li et al. [10] DEA-Malmquist 2 inputs: labor (number of employees), capital (construction work done); 1 output: total value added Wang et al. [11] DEA-Malmquist 3 inputs: labor (number of employees), capital (total assets), total power of machinery and equipment owned; 2 outputs: total value added and output value Xiaolong et al. [12] DEA-Malmquist 2 inputs: labor (number of employees), capital (fixed assets); 1 output: total value added Lee et al. [13] Malmquist 2 inputs: labor (number of employees), capital (total assets); 2 outputs: total revenue, market share Tan et al. [22] DEA-Malmquist 2 inputs: labor (number of employees), capital (total assets); 1 output: total value added Kapelko et al. [24] DEA-Malmquist 3 inputs: labor (employee costs), capital (fixed assets), material (costs); 1 output: total revenue Chau et al. [25] Production function 4 inputs: labor, material, plant and equipment, overheads; 1 output: gross output Bernard et al. [26] Production function 3 inputs: labor (hours worked), capital (-), material (-); 1 output: total value added Lowe [36] Production function 2 inputs: labor and capital; 1 output: total output Chau [40] Production function 2 (3) inputs: labor, capital, or intermediate; 1 output: gross output value or total value added Tan [41] Production function 2 inputs: labor (labor hours), capital (fixed assets); 1 output: total value added Crawford et al. [42] Production function 3 inputs: labor (hours worked), capital (non-ICT assets), material (-); 1 output: total value added Ruddock et al. [43] Production function 3 inputs: labor (hours worked), capital (non-ICT & ICT assets), intermediate (-); 1 output: total value added Chancellor [44] DEA 2 inputs: labor input (number of employees), capital input (capital stock); 1 output: total value added Will a et al. [45] Färe-Primont DEA 4 inputs: number of employees, paid up total capital, total assets, total power of machinery and equipment owned; 2 outputs: output value, floor space of buildings completed Moreno et al. [46] Production function 3 inputs: labor (number of employees), capital (fixed assets), material (costs); 1 output: total sales In terms of output, the number of output indicators is related to the research method. Generally, the measurement method at construction industry level can be divided into two kinds: production function method and DEA-based index method (see Table 1 ). For function method, the decision-making unit (DMU) is only one, whilst the output is a single-output. By contrast, for index method, DMU is usually multiple and the output can be a single-output or multi-output. For example, Wang et al. [11] and Will et al. [45] used DEA-Malmquist and Färe-Primont DEA to measure TFP in Chinese construction industry, respectively. In their studies 31 provinces were treated as 31 DMUs, 2 outputs were selected. Similarly, Li et al. [10] and Chancellor [44] regarded 8 states as 8 DMUs to measure TFP in Australia, but the total value added was the only output. From a practical analysis perspective, in this paper we innovatively measure TFP by taking the factor of migrant workers into account. Nevertheless, the practical data of migrant workers have only the total data at the industry level (see Section 3), which means only one DMU. Meanwhile, the total value added and total output value are usually used to measure the gross output, while the former is more preferred than the latter since it could avoid double-counting [25, 40] . Consequently, we choose the production function method to complete the measurement, whilst the total value added is selected as the single output variable.
In terms of input, labor and capital must be considered. In addition, intermediate input including materials purchased, energy goods and non-industrial services [8, 43] , is also an important input factor. However, due to data constraints, intermediate input is not a mandatory option [9] [10] [11] [12] 22, 23] . Furthermore, taking account of the fact that the data of intermediate input are rarely available in a developing country like China, labor and capital were ultimately selected as the input variables. On this basis, for labor input, number of employees and hours worked are alternative indicators, what is more, the latter is recommended by OECD [47] . However, due to data limitations, number of employees was selected as labor input rather than hours worked. Similarly, fixed assets stock and total assets stock are two mainly employed indicators (see Table 1 ), but total assets include intangible assets such as trademark right and business reputation which should be seen more as outcome than input [48] . Thus, we finally selected fixed assets as the indicator to measure capital input.
Creating Scenario A and Scenario B
In stage 2 our main task is to create Scenario A and Scenario B based on stage 1's findings. In Scenario A, all input and output data do not include the data of migrant workers, the measurement result is regarded as a baseline for the subsequent comparison analysis. Correspondingly, in Scenario B the related data of migrant workers are added into Scenario A from both the input and output side. Hence, from the perspective of experimental design, Scenario A is considered to be control group, while Scenario B is just the experimental group where migrant workers are the only control variable.
Measuring the Impact of Migrant Workers on TFP
Against this background, in stage 3 our main task is to measure the impact of migrant workers on TFP and to explore the potential reasons. As a mature production function method, Solow Residual Approach is selected to perform the above scheme. This method has the following advantages. Firstly, few variables are used, which makes data collection relatively easy [2] , especially in the global context of lack of data on migrant workers [20] . In addition, this method is mainly applied to measure TFP from a macro perspective, such as nation and industry [37] , consequently, it is suitable for our research.
In detail, we apply Solow Residual Approach to measure TFP under Scenario A and Scenario B firstly. Subsequently, a comparative analysis concerning the impact of migrant workers on TFP in Chinese construction industry is conducted. In that case, the impact of migrant workers on TFP can be expressed throughout a subtraction formula, i.e., the impact of migrant workers on TFP = measurement result in Scenario B -measurement result in Scenario A. On this basis, reasons for the above impact are discussed and analyzed.
Solow Residual Approach
Solow Residual Approach, proposed by Robert M. Solow [2] , is a neoclassical economics tool measuring the contribution of TFP to economic growth. Such method requires an aggregate production function, according to the previous research [49] [50] [51] , the function is written as
where Y is the aggregate output measured by total value added, K and L represent capital and labor input in period t measured by fixed assets and number of employees, A(t) expresses the level of TFP. TFP measurement involves various behaviors and technology assumptions. For this study, constant return of scale and Hicks-neutral production technology are assumed. Differentiate Equation (1) with respect to time, we derive
To minimize cost or maximize profit, according to marginal utility theory, the following equation is established
where α K and α L are the income shares of capital and labor, with the condition of constant return of scale, Equation (2) is rewritten as
For discrete data such as time series in this work, Equation (5) is derived as [52] 
If we define Solow Residual is SR, TFP change rate in production can be obtained
To measure SR, the three growth rates and parameter α L on the right side of Equation (6) are calculated. Generally, Y is usually actual value of the current period. Herein, to obtain ∆Y/Y, the effect of price factor will be excluded firstly.
In line with statistical rules and previous research [12] , the gross value added (Y) includes four components, just exhibited as follows
where D is depreciation of fixed assets in study period, R represents staff salaries including laborage payable and welfarism payable, M reflects profit, N presents tax and surtax.
α L is also determined in advance. From an economics perspective, α L is the income share of labor in essence [52] . Under this circumstance, we derive
In addition, the growth rates for input variables are also estimated. For labor input, the number of employees is adopted, therefore, ∆L/L would be obtained easily. On the contrary, for capital input, ∆K/K is much harder to obtain than ∆L/L, because fixed assets are cumulative figures that are effected by depreciation, incremental fixed assets investment and price factor. To solve this problem, the Perpetual Inventory Method (PIM) is used as follows [53] [54] [55] 
where K t+1 and K t represent fixed assets in the period t+1 and t, δ t+1 and I t+1 express depreciation rate and incremental fixed assets investment, D t+1 and P t+1 reflect depreciation of fixed assets and the price index. Herein, K 0 is fixed assets stock in 0 period, it is calculated as follows [50, 53] .
where I 0 is initial incremental fixed assets investment, g and δ are the average capital growth rate and depreciation rate. On this basis, ∆K/K is obtained.
Research Data
According to the research scheme reported in Section 2.1, the input and output data without including migrant workers (Scenario A) and the relevant data of migrant workers must be obtained. On this basis, the data of Scenario B can be acquired and presented in Figure 2 . Due to data availability, the surveyed period is restricted from 2008 to 2015.
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Where I0 is initial incremental fixed assets investment, g and δ are the average capital growth rate and depreciation rate. On this basis, ΔK/K is obtained.
Research Data
According to the research scheme reported in Section 2.1, the input and output data without including migrant workers (Scenario A) and the relevant data of migrant workers must be obtained. On this basis, the data of Scenario B can be acquired and presented in Figure 2 . Due to data availability, the surveyed period is restricted from 2008 to 2015. In this paper, TFP measurement is based on two-input factors comprising fixed assets and number of employees and an output factor being the value added. As mentioned in Section 1, the official statistics of Chinese construction sector (Yearbook) does not include the information of In this paper, TFP measurement is based on two-input factors comprising fixed assets and number of employees and an output factor being the value added. As mentioned in Section 1, the official statistics of Chinese construction sector (Yearbook) does not include the information of migrant workers. Therefore, in Scenario A the relevant raw data excluding migrant workers is mainly sourced from China Statistical Yearbook on Construction published by the Chinese Bureau of Statistics. For output data, the raw value added data are current value. Thus, the value added index in construction deriving from China Statistical Yearbook was introduced to eliminate the effect of price factor. By doing so, 2008 was selected as base year, all raw output data were at the price level of 2008. Similarly, the fixed assets investment price index originating from China Statistical Yearbook was applied to remove the effect of price factor on capital input. However, just as described in Equation (9), fixed assets are also influenced by depreciation and incremental fixed assets investment. Accordingly, these data from China Statistical Yearbook on Construction are collected. In addition, the selection of 0 period in PIM is very vital. Due to data limitation, 1989 was considered as 0 period, whilst the period of 1989 to 2000 was selected to calculate the average capital growth rate (g) and depreciation rate (δ). In fact, these arrangements were reasonable, because the average depreciation rate was up to 8.23% in the period. In other words, fixed assets formed before 1989 would be fully depreciated in 2000 at the latest. Then, according to Equations (9) and (10), all raw fixed assets data were at the 1989 price level. Fortunately, data collection of labor input is much easier. Following the previous studies [10] , the number of employees should be embodied by annual average numbers. Nevertheless, the raw labor input data are a year-end volume, so we dealt with it simply by following formula: the current labor input = (year-end number of employees + last year-end number of employees)/2 [56] . Regarding labor input, employee salary data from China Statistical Yearbook on Construction should also be collected, which is used to estimate the share of labor input.
As we have noted, the production tools that may form fixed assets are provided by construction enterprises rather than migrant workers who are generally only pure suppliers of labor force [33] . This means that migrant workers only have an impact on labor input and do not affect capital input at all. Apart from an input perspective, according to Equation (7), migrant workers will also effect output by salaries of migrant workers. Therefore, the data of migrant workers collected are just the number and salaries, which are mainly from Chinese Annual Report on Migrant Workers. For the number of migrant workers in Chinese construction, the Report did not provide directly, but the total number in China and the detailed proportion in construction could be obtained. Thus, the raw number of migrant workers would be acquired through a simple multiplication. In fact, the data may include a fraction of migrant workers who have been counted in China Statistical Yearbook on Construction. Hence, to avoid repeated statistics as much as possible, we need to figure out the proportion of migrant workers ignored in the Yearbook. According to Chinese prevailing labor law and social insurance law, contract signing rate and pension insurance participation rate of migrant workers can effectively reflect the ignored proportion [33] , especially the latter which is a mandatory rule. The two rates have been about 25% and 5% since 2008, respectively [57] , which meant that the majority of migrant workers (95%) were not included into official statistics in the surveyed period. Therefore, the number of migrant workers is derived based on such proportion ultimately, namely the migrant workers input = the average number illustrated in the Report × 95%. For the salaries of migrant workers, apart from the factor of the total number, the average monthly salary level and months worked in a year are also important affecting factors. The data of these two factors both come from the Report, except the average months worked in 2008 and 2009 (no statistics in the Report). Nevertheless, during the whole study period the average months worked of migrant workers were very stable. To solve the missing data, a linear single moving average method with the reverse direction was used. According to application principles, the distance per moving was 3. On this basis, salary data of migrant workers were obtained, namely the salaries of migrant workers = the number of migrant workers × the average monthly salary × the average months worked. Obviously, the process of data collection on migrant workers is based on a vital hypothesis, namely the official statistics (Yearbook) does not include the data of migrant workers, or at least it excludes the vast majority. Up to now, this hypothesis is only proposed based on literature analysis, which is not enough. Thus, in the next section we will further analyze and validate this hypothesis, which will also confirm the rationality of the data collection process on migrant workers.
In summary, the data of Scenario A and migrant workers were collected and listed in Table 2 . On this basis, as could be presented in Figure 2 the data of Scenario B would be obtained. In addition, assumptions used in the modelling and data collection are vital, which are the basis of this research. Thus, a systematic summary on these assumptions is very necessary, reported as follows:
• 
Results
TFP Measurement under the Circumstance of Scenario A
By applying the data collected in Section 3 to Solow Residual Approach, the measurement result on TFP under the circumstance of Scenario A is obtained. Figure 3 just presents the results.
5
assumptions used in the modelling and data collection are vital, which are the basis of this research. Thus, a systematic summary on these assumptions is very necessary, reported as follows:
• Assumption 1: The data of migrant workers are assumed to not be included in the official statistics of Chinese construction sector (Yearbook). 
Results
TFP Measurement under the Circumstance of Scenario A
By applying the data collected in Section 3 to Solow Residual Approach, the measurement result on TFP under the circumstance of Scenario A is obtained. Figure 3 just presents the results. However, we pay special attention to the phenomenon that SR plunged steeply to be negative in 2014/2015. For the collapse, we insist that some important factor might be ignored, as migrant workers mentioned in Section 1. Apart from this perspective, the share of labor input (α L ) can further prove our inference. From a perspective of economics, α L is the income share of labor input in essence [52] . Hence, according to Equation (8) the change of this parameter may prove some valuable evidences to support the above finding. Table 3 just reports the parameter under Scenario A and Scenario B during the surveyed period. As can be seen in the table, in Scenario A the share gained the top by 0.64 in 2013, whilst during the entire research period the average share was only 0.61. Nevertheless, according to the previous studies, this share was usually 2/3 or even up to 3/4 in developed countries [58] [59] [60] [61] . For developing countries, it is considered to be higher, because the marginal product of capital is expected to be higher [49, 62] . Besides, for a labor-intensive industry, the share is considered to be much bigger than a general industry. For example, as a labor-intensive industry, agriculture in China was proved to have a higher share reaching to nearly 0.75 in a previous study [63] . Thus, as a labor-intensive industry in a developing countries like China, the share of labor input should be more nearly 3/4 rather than 2/3 in Chinese construction sector, but all of our data in Scenario A were less than 2/3. In other words, some important factors about labor input in the Chinese construction sector are indeed ignored during this period. By contrast, in Scenario B the average share was 0.73 during the whole research period which is consistent with previous research and the above analysis. Thus, the data of migrant workers is not included in the official statistics. Obviously, except literature analysis, assumption 1 has also been confirmed and supported from the perspective of theoretical analysis. In this case, it is necessary to consider the factor of migrant workers to re-measure TFP under the circumstance of Scenario B.
TFP Measurement under the Circumstance of Scenario B
Subsequently, adding the data of migrant workers described in Table 2 into Scenario A (detailed process can be seen in Figure 2 ), the measurement result on TFP in Scenario B can be presented graphically, as shown in Figure 4 .
This figure illustrates that in Scenario B TFP cumulatively increased by 70.86%, whist the annual average TFP growth was 7.95% during the study period 
The Impact of Migrant Workers on TFP
Based on the results in Scenario A and Scenario B, by conducting the comparative analysis reported in research design and scheme, the impact of migrant workers on TFP is derived, as can be seen in Table 4 . On the one hand, the table exhibits that migrant workers dramatically improved TFP by 10.42% in total during the surveyed period. On the other hand, the results show that the annual average TFP growth was increased by 0.96% deriving from migrant workers. Although 0.96% seemed very small, compared with the baseline of 6.99%, it emerged amazing growth by 13.73%. Therefore, our findings effectively verify and validate our initial suspicion and guess reported in section 1, namely enormous influence of migrant workers on TFP does exist in Chinese construction industry.
Apart from the view of whole surveyed period, on the basis of the fluctuation trend stated in Figure 3 and 4, from a sub-period perspective, the impact of migrant workers on TFP is exhibited clearly in Table 5 . 
Based on the results in Scenario A and Scenario B, by conducting the comparative analysis reported in research design and scheme, the impact of migrant workers on TFP is derived, as can be seen in Table 4 . On the one hand, the table exhibits that migrant workers dramatically improved TFP by 10.42% in total during the surveyed period. On the other hand, the results show that the annual average TFP growth was increased by 0.96% deriving from migrant workers. Although 0.96% seemed very small, compared with the baseline of 6.99%, it emerged amazing growth by 13.73%. Therefore, our findings effectively verify and validate our initial suspicion and guess reported in Section 1, namely enormous influence of migrant workers on TFP does exist in Chinese construction industry.
Apart from the view of whole surveyed period, on the basis of the fluctuation trend stated in Figures 3 and 4 , from a sub-period perspective, the impact of migrant workers on TFP is exhibited clearly in Table 5 . The table shows that the impact of migrant workers on TFP was mainly concentrated in the third sub-period (T 3 : 2013/2014-2014/2015), in this sub-period, migrant workers improved TFP by 12.06%. In contrast, the impact was not significant in T 1 and T 2 , although these two periods had more years (five years) compared with T 3 (two years). In detail, in the first sub-period migrant workers increased TFP only by 2.27%, interestingly, in the second sub-period the accumulative impact was even −3.91%. Obviously, without considering the positive or negative, the impact in T 2 was much bigger than T 1 . Consequently, the impact of migrant workers on TFP seems to have an intuitive rule, namely the influence of migrant workers on TFP has been increasing with the extension of time.
Discussion
Based on the above findings, it can be seen that migrant workers have a significant impact on TFP improvement. According to research aims and design of this article, hence, in the following discussion we mainly focus on what the reasons of such enormous impact is. By doing so, we can provide enough and full interpretations for the above enormous impact. On this basis, the intuitive impact rule of migrant workers on TFP is analyzed and discussed. Simultaneously, to improve TFP effectively, some suggestions are proposed.
Cause Analysis on the Significant Impact of Migrant Workers on TFP
From a reason perspective, it is believed that the improvement of migrant workers' quality mainly results in the above enormous impact. On the one hand, TFP can be improved by many factors, such as technological progress, improvement of laborer's quality and management innovation [8, 9] , but TFP growth most usually arises because of increased knowledge about production methods [37] . In other words, at the personal level, TFP growth mainly depends on quality improvement. TFP was evaluated by Solow residential approach in this work, where all the labor input including migrant workers was regarded as a homogeneous individual. During this process, quality difference and change is not taken into account at all. Therefore, we explain the impact of migrant workers on TFP only from the view of quality difference and change. On the other hand, Kangasniemi et al. [64] stated that migrant workers are regarded as no different to the official statistic employees, except the quality they embody. Meanwhile, the previous studies argued that the quality improvement of laborer would increase TFP [37, 65, 66] . Thus, the quality improvement of migrant workers can increase TFP as well. On the basis of the above analysis, quality improvement is considered to be the main reason for the significant impact of migrant workers on TFP.
Furthermore, the improvement of migrant workers' quality is considered to be obtained mainly throughout learning by doing. In general, at the personal level, quality improvement usually depends on education, training and learning by doing [37, 41, 64] . For education, migrant workers are usually not well-educated [31, 67] , whilst the education level of this group has not improved significantly. For example, during the entire study period, nearly 60% of migrant workers' education level was junior middle school [34] . Hence, education is not the main way to improve the quality of migrant workers. Similarly, migrant workers' quality improvement may not be mainly attributed to training. Because they usually lack training as well [31, 67] , embarrassedly, this situation has not been effectively improved. For instance, according to Chinese Annual Report on Migrant Workers, during the surveyed period the proportion of trained migrant workers did not grow outstandingly, and always remained about 30% [34] . In this case, learning by doing is considered to be the main way to improve migrant workers' quality. In fact, learning by doing is work-based learning, namely it mainly relies on the accumulation of work experience to improve quality. Interestingly, migrant workers often have low levels of absence and work longer hours [14, 67] . Therefore, these features just offer the possibility and basis for learning by doing.
Subsequently, from a path view, learning by doing to grow migrant workers' quality is thought to basically rely on an invisible path dependency on migrant workers' work selection. For migrant workers in Chinese construction sector, on the one hand, they are usually not well-educated, and lack training, work skill and experience [31, 68] . Hence, the initial quality of this group is too poor, they cannot find a better job in other industries. In this case, low quality usually forces migrant workers to serve in construction, because they do not have a better choice. On the other hand, according to Chinese Annual Report on Migrant Workers, during the whole study period migrant workers in construction had higher income by nearly 15% than other industries, meanwhile, migrant workers in construction were often offered free accommodation which could save about 15% of income [34] . Thus, more income (one of the best options) and lack of skill and education (no better choice) have encouraged migrant workers to stay and serve in construction for a long time. In that condition, whether it is a passive or active choice, a virtual path dependence on work selection has been formed, which causes migrant workers to work in construction industry for a long period. On this basis, according to the so-called economic theory of learning by doing [41] , the quality of migrant workers will be gradually improved mainly by learning by doing. In particular, for this path of basically replying on the accumulation of work experience to improve quality, low quality of migrant workers just provides more improvement spaces.
Cause Analysis on the Intuitive Impact Rule of Migrant Workers on TFP
As stated in the last section, we analyzed and confirmed that the improvement of migrant workers' quality is the main reason for the vast impact of migrant workers on TFP, whilst discussing and verifying that quality improvement is obtained mainly throughout learning by doing in Chinese construction sector. Under this proposed logical frame, path dependence on work selection to form and promote learning by doing is explored and revealed. On the basis of these findings, therefore, in this section we explore and propose the possible explanations for the intuitive impact rule of migrant workers on TFP reported in Section 4.3.
In our opinion, the game between the initial low quality and quality improvement through learning by doing determines the impact ruler of migrant workers on TFP. On the one hand, during the surveyed period more than 26 million migrant workers (see Table 2 ) as new comers served in construction, while they were usually not well-educated, and lack training, work skill and experience [31, 68] . Hence, the initial quality of these migrant workers was believed to be too poor. Moreover, a positive correction existed between the quality of labor force and TFP, which has been proved by many economists [37, 65, 66] . Naturally, the initial low quality of the new comers would reduce TFP. On the other hand, based on the path dependency on migrant workers' work selection, all migrant workers' quality will be improved throughout learning by doing, which would increase TFP. Obviously, over time the share of new migrant workers will be less and less, and decrease of TFP caused by the initial low quality will be weaker and weaker. On the contrary, the share of migrant workers with experience and skill will be more and more, growth of TFP from learning by doing will be stronger and stronger. In this case, the dynamic game between TFP decrease from the initial poor quality of new migrant workers and TFP growth from the quality improvement of all migrant workers, just explains and depicts the interesting impact rule of migrant workers on TFP.
Based on the above theoretical analysis, by applying the data of number of migrant workers in Table 2 , maybe more information can be provided to interpret the intuitive impact rule of migrant workers on TFP stated in Table 5 . In detail, at the beginning of the research period, nearly 30 million migrant workers served in Chinese construction industry, which provided a solid basis for quality improvement throughout learning by doing. In T 1 , the growth in the number of migrant workers was relatively moderate, the annual average number of new comers was about 4.3 million. Hence, quality improvement throughout learning by doing to increase TFP played a major role, the result of the game was that TFP only increased by 2.27%. In contrast, the growth of migrant workers was extremely large in T 2 , whilst the annual average number of new comers was about 7.1 million; even in 2013 more than 10 million new migrant workers poured into construction. In this case, the initial poor quality of new comers to reduce TFP acted a more important role, the result of the game was that TFP decreased by 3.91%. Unfortunately, in T 3 the number growth basically stopped, therefore, on the whole only quality improvement throughout learning by doing to increase TFP worked. What's more, the scale of learning by doing was extremely huge. Under this condition, the impact of migrant workers on TFP (12.06%) was mainly concentrated in this sub-period.
Suggestions and Applications
In fact, to improve TFP, Chinese government has taken a series of measures, such as purchasing advanced mechanical equipment and introducing new technique [11, 23, 45] . From a based-result perspective, the effectiveness of these measures is poor; TFP is still perceived to be low compared with other sectors in China [6, 9, 69] . For this unsatisfactory performance, the main reason may be that migrant workers are not taken into account. Embarrassedly, as an identified important influencing factor, improving TFP in Chinese construction industry from the perspective of migrant workers is rarely involved among these measures.
Therefore, according to our findings, making policy to improve TFP in the future should pay special attention to the group of migrant workers, in particular, some measures should be made to increase the quality of migrant workers. For example, from a policy perspective, these measures, such as encouraging communication and respecting learning among migrant workers, should be taken to enhance the effect of learning by doing. Besides, as a short-term and effective strategy, more trainings, including on-job and even off-job training, should be provided to migrant workers. More importantly, the comparative advantage of construction (relative high income vs poor working environment and labor protection) is gradually disappearing [34] . More importantly, well-educated young migrant workers are reluctant to work in construction industry, whilst the experienced migrant workers have been leaving construction sector since 2014 [34, 70] . Accordingly, as a long-term strategy, these activities, such as improving the poor working conditions and proving enough labor rights, must be implemented immediately to attract and retain migrant workers.
Conclusions
In this paper, we measured and verified the impact of migrant workers on TFP in Chinese construction industry during the period of 2008-2015; Solow Residual Approach was used to conduct the measurement throughout comparing two scenarios, namely Scenario A without considering migrant workers and Scenario B including migrant workers.
The findings of this work can be summarized as follows. Firstly, for Scenario A, during the surveyed period TFP increased by 60.44%, whilst the annual average TFP growth was 6.99%. Secondly, for Scenario B, the total and annual average TFP growth was 70.86% and 7.95%, respectively. Thirdly, migrant workers have an outstanding impact on TFP: during the study period this group improved TFP by 10.42% in total and increased the annual average TFP growth by 0.96%. Fourthly, from the perspective of economics, it is believed that the group of migrant workers is not really covered in the official statistics of Chinese construction sector. Finally, the reasons for the above vast impact were discussed and analyzed, which indicated that the main reason for such an impact was the quality improvement of migrant workers obtained mainly throughout learning by doing.
On this basis, it is indispensable to emphasize the value of our study. In theory, our work enriches the body of knowledge on TFP measurement mainly by validating and revealing the reasons of migrant workers' impact on TFP. In practice, our findings can provide valuable reference for making policies to improve TFP. For example, from a policy perspective, the training of migrant workers should be paid special attention. More importantly, these explored conclusions are universal and applicable to any country owning migrant workers.
The limitations of this study are appreciated. Firstly, we validated and explored the reasons of migrant workers' impact on TFP. However, we did not discuss in detail and explain completely the mechanism of forming such impact, in particular revealing the mechanism by some quantitative formulas. Secondly, five important assumptions were used in this work, nevertheless, only assumption 1 and 2 were discussed and verified before the application. By convention, the remaining assumptions are used directly. Obviously, this may pose a certain threat to our conclusions. Last but not least, due to our research aim and design, it is indifferent to detailed discuss and analyze the results in Figures 3 and 4 , especially from a year by year perspective to discuss the evolution of SR. Undoubtedly, we may acquire more abundant information to support our findings if they are analyzed and revealed. Looking to the future, these limitations will be overcome. 
